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23
Our understanding of G protein-coupled receptors in the central nervous system has been 24 hampered by the limited availability of tools allowing for the study of their signaling with 25 precise temporal control. To overcome this, we tested the utility of the bistable mammalian are not activated by a diffusible molecule (agonist) but rather by the light-induced 68 isomerization of retinal, which is covalently bound to the opsin. In the dark state opsins bind 69 11-cis retinal which suppresses the intrinsic activity of the opsin (Melia et al. 1997) . Absorption 70 of a photon triggers the isomerization of the retinal to an all-trans form, a process that takes 71 place in the order of picoseconds, which then activates the opsin (Hayward et al. 1981 ). Thus 72 trans-retinal can be thought of as the endogenous ligand for the opsin and light as a stimulus 73 capable of instantaneously converting the retinal from an inverse agonist to a full agonist.
74
These considerations suggest that opsins could offer a powerful path for studying the 75 temporal aspects of GPCR signaling in neurons. 
Slice Transfections
131
Neuronal transfection was performed using particle-mediated gene transfer (biolistics) as 
Slice Imaging and Recording
158
Slices were transferred to a recording chamber on the stage of an upright microscope (E600FN,
159
Nikon Instruments), where they were continuously perfused with Ringer's solution
160
(composition in mM: 119 NaCl, 2.5 KCl, 1.3 MgSO4, 2.5 CaCl2, 1 NaH2PO4, 26.2 NaHCO3, and 
255
A brief "puff" of ACh elicits a transient "phasic" hyperpolarization followed by a "tonic" 256 increase in excitability as evidenced by an increase in spiking in response to constant current 257 injection (Fig. 1A) . In the anterior cerebral cortex and hippocampus these effects are solely (Fig. 1A) . As a group these effects represent the canonical electrophysiological response to Gαq- 336 Surprisingly, the light-induced inward current exhibited an onset latency comparable to that 337 of the transient outward current (440.8 ms ± 65.6 ms, n = 3), but developed much more slowly 338 (Fig 4) . In cells where the light flash induced both a transient outward and more prolonged 339 inward current it was apparent that the SK-mediated current overlapped with the onset of the 340 inward current and altered its trajectory (Fig. 4B and D) . In contrast to the relatively fast onset 341 of the sustained inward current, its recovery occurred over a time course of minutes (7.48 min 342 ± 1.32 min, Fig. 4A2 and C2, n = 14). 
Light-induced triggering of IsADP
364
Light activation of melanopsin not only inhibits IsAHP but also triggers its replacement by IsADP.
365
As illustrated in figure 6, brief light flashes delivered 6 seconds prior to the depolarizing step that was blocked by bath application of apamin (300 nM; Fig. 7A ). This effect was followed by 397 a slow membrane depolarization (Fig. 7B1 ) that was associated with an increase in spiking in 398 response to a constant depolarizing current injection (Fig. 7B1 and B2 ) and the appearance of a 399 sADP (Fig. 7B3) . Similar effects were seen in two additional cells. The difficulty in getting 
Discussion
405
In the current work we have examined the feasibility of using the light-activated GPCR 406 melanopsin to study temporal aspects of metabotropic signaling in CNS neurons. Specifically,
407
we tested whether it would be possible to use melanopsin to activate endogenous G protein 
Phasic and Tonic components of the light response
450
Previous studies have suggested that Gαq-11 operated responses can be separated into "phasic" 
464
For these experiments we focused on the time course of the "tonic" electrophysiological effects Gαi/o using vertebrate rhodopsin as a backbone (Oh et al. 2010 ). An advantage of using 487 melanopsin for these experiments is that it is a bistable photopigment that expresses intrinsic 488 isomerase activity. This allows it to autonomously regenerate 11-cis retinal, a property that 
